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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND MANUFACTURE 
THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technique for 
manufacturing a semiconductor integrated circuit device 
which is high in performance and capable of being easily 
manufactured. 

SOLUTION: A semiconductor integrated circuit device is 
equipped with a first wiring layer 9 and a second wiring layer 

10 which cross each other at right angles and a third wiring 
layer 1 1 and a fourth wiring layer 12 which intersect each 
other at right angles. At this point, the wiring layers 9 and 10 
are equal to each other in wiring pitch, and the wiring layers 

1 1 and 12 are equal to each other in wiring pitch, and the 
wiring pitch of the wiring layers 1 1 and 12 is 21/2 times as 
large as that of the wiring layers 9 and 1 0. 
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3 if a <7)mMiimii 2 Ji a (^mmizM as^co 'mmmmmmmmumizti i ^-c , mie 3 1 g oie 
mnm^i>'yx&mitx\,^?>zbinmbi-h^m mmtrzimnAmsc^mimn. mmmscomim 

immm^^m. t tziim^ 2 ma<^mmmiziit Lu^mz^m^tLX \> ^ 

m^m2] ^mml^m(^mfmmmsimm^z}5 ^zb^nmbti^mmmmmmmmnm. 

v^T. ims<ommcoimh-y^b2nBcomLm(r> iimm9] mmm5~-8<Di^-rtif)^imi.zim(o^ 

mi^i-yi-btimK. 3mB<DmM(^!m\i-y^b 10 mmmmmmmw;mizi3\,^x, imiims<Dm 

immi}Xx/mii4nscDS.m(osim^-y^ii, frie mmm&^mmLx\-^&zb^:nWibt^mmm 

o2'/2 ^■es.i.cfcSr^iati-s^M^aiiiss^ [^Hjopiiii=5ri«BB] 

[ 0 0 0 n 

mmi>zii\,^X. 3a@i7)«f[C0E|g«fcJ;tX4SBOffi lfcJ:t;f-?-(0^iijS}fjtcR|-ri.. 

ia£7)B2^«<7)'^''C<l|{±, lflBc0«S:c7)i^)iO4"i:«^ [00021 

b 2mscomi(^mmc^'i>'mb<^^^<^^ztnft mm<^mm ^^(^mainiss^sti, mmmitb^m 

mm-r?>^S^.(r>'PfSl.^.^m-:,X\,^hZbt:mLbi-h 20 mbif^ftil^ixTisO, -eix(cff^^gdll<«5ti>jMt 

[if5R«4 3 mmm 1 -3 cov^m*^ 1 Jitciem^^^ [ 0 0 0 3 ] tz ^x\ *^BB«<i, 4^jf (^mraiiiff^g 

mtmnm^mmizuK^x . mnimscomM, mi m<ommmuz-:>\.^xmMLtz. vatu, ^^^m^t^zx 

3MSff>mmiiXi/mi4ms(7imf§b^tit><r>T -ixmi^titzmx-h*). ^<r)mii}9:cr)bti^x'h 

iB<^w.mmbcomizmi')-i^iix\.^iimiimimmii. ^ . 

mm^y-xh^zbmmbti^mf^mmms^ [ooo4] -r^srip^, ^mmmmm<^w.mmb 

[ m^m 5 ] m^<7)^m»m=FmM$tix v « «c ±mmmm b mmmmmmm^^mmmmn. ( ^ 

Bfiiei«BOidlllico±tcJiSJeMiK$r:n-fC2®a«0 30 [OOO5] Cico*!^. W;t(fv^'D-t;Ui:V^'.nrt/l^ 

i^«S-B!neiJiac?3ffiili§(C*tLltt$1-SJ:^lCffiS t^TJlSl^rifdfcl^-r, cad (computer Aided Desig 

ixm&fhxmb , n) s-ijffl L7t auE^aicj: 0 , T«ie^«fc±isgi 

mti2ms<DWJ&m(r>±i,zmmmt^^ifLX3mscr) mb^m.^thXoizsiw.LXi'^h. 

Emm^mi2ms<7)mmizMLmn&i)<4 s^st { 0 0 0 e j ^i>, ^mf^mmmm^mizfiifh^^ 

KciXolzmmtXm^thXmb , t7)jgB!tJS'(t;tcov^Tiei|!i$ii-CV^I.:fciiKi: LT(i, ^J;t 

lirie3«acOffi«l^c7)±lcS^ieSIK5r^L-C4aao {i'WTC^l 1^20, (») ri^;^>''-\— :^;^^^f^7) 

WMUMBSmScomJUznim^tiXolzRm r ■ 9 Ogffi}i^«srn-fe;<.jSffij P267-P273. 

[0007] 

<^ie«sJic7)i^e-yf-i:{i^L<, 3^gioiEtii<7)E mm<^$'mmmmzi5\,^x . mx.i,£4m^^b'<^^^cr) 

ie3SB<oi^fcj:t^B!iie4eBoi;iii(^iEiiey mb iMmmmiziimmmfii:'(tixm%mti 

f-fi. HglEllBi7)i2^1fcJ:t/rB5ie2®B«7)iE^«0 Ct*««Sg(c^:*i:S(Cig14|g5r^JiEI8®^:i8f^5- . 

StIIK^ilc7)|!Bt:^ffi. [ 0 0 0 8 J :^m<^mii. Bttfigt-L*»t,§^tS8 

^^c^mmifmizm^x , smBcnm^crtm&maix/ ^cr)^^mwjim^-r&zbi,zt>i. 

4«B<oagccoffiii«i04>'i:«ii<i, i«a<^si»coie*i 50 iooo9]:^^B^<omi^j:(>x/i.zf<o&icombmm 
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[00 10] 

[0011] t^j:h-h. :¥fm(o^mt¥m»mi^m. 
I. ilB<oE^«oii^t y^t2®Bi7)ie^(7)ii; 10 

[00 12] 

[0013] {^m(omm Dmm. ^^mo-miM 
[0014] nm\i. ^%nmm<r>^mw$mm^ 

m.(r)WMm<^WS.^^A (Design Autoination)jyig-rS 

i>cof*)S, :i(r>m^. f-^^^/Hi, E^<7)l«1i$'0 

tcOfibl), 30 

[ 0 0 1 5 ] 0 1 irs^-t J: 0 iz. ^m(omm<^^i^ 

mmmmco^m^zis^^x . m^comm=fm 

T (-^1. 1 JsaoEUffltcjifje-r i mmmi^^' ^vi^ 

[ 0 0 1 6 ] *|IS6«Oje®iOi|iS«c«a[lIS8^S 

osnicj^v^T, i@g^esi%«<^±t:iiia^is 

izmi-^m2umm'f-^^^f\^2it. m^-tmm 40 
v^i. i: 1 iimmi--!' 1 1 m.is.-th x 0 >.zm 

1i^\.z^m.^ixX\.^h. 

[00 17] ;<oj®^, mw3mm'h^A-)vibm2 

[0018]^^. :mm.<r>mm(^^\mm'mm. 
mhmm-^3<n'^m.i.z^2m-^ttm3m- 

}^JbmM^KX\^h, 50 
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[00 19] ^<7)li^. ^2fS^,i[6tm3tgi^A7t 
US. 

(n^sr^Bg) ^itLxm.^tix\^h3mBmmM 
i>znmti>m3wmm'f-^^^)i'3\i. rnkthwrn 

ttz. m3fm.mm^^^^ii'3t.i. y^2mmm 
^-7A-)V2\.znLwmnmi'4 smt^^-iX^^htrnz 

% 2 W^^, 6 ^ill. ct p ties? flT 

[0021 ] cco*l^. |g3iai«lfflf-^^-;i-3<oi2il 
f .y ^ p 2 i: m 1 wmm\ 1 J: t>'i^ 2 ifiisa 

ffl^A'^WU2<7)Eat-y^Pi b<nmM. P2 =2 
'/2 XP, btl:r>X\^h. 

[ 0 0 2 2 ] ^ /i, *^SficoBS<^^ji«:»«[llK^-a 

mh^\^^3<n^^},z%A^is:^mm.^t\. 
x\^h. 

[ 0 0 2 3 ] ^/c, *3iiscojg®io^^«:m«iii!s^a 

(I1^^^B&) ^:frL-Ciea$ii-Ci^l.41Sc7)i2m 

t^s. ^fc, mAwmm'ir^^-}VA\.i. 'm3wmwi 
3 {zn Lmmw}^4 5mt^^'ox\>^^bMz 

^4tS^*8S-iil,J: ^tES^ixTOl.. 
[0024] Zcr>m^. ^4iaiglffl^^^-;U4c7)ffi|g 
f -y ^ P 2 t ^ 1 ElSlffl^-v ^>/H J: 0^35 2 iSISl 
fflf-v:^^/l'2c7)id^tr-y^Pi i:<^)Mf^(4. P2 =2 
1/2 XPi t^oTV^S. 

[0025] ffat7^C*IISI^JB«Oiti««:maiIlK^ 

mcom^mizt5\.^x . m2m^mi-^^-f\^2ii. sii 

[00 26] tfc, ^3Simm^^^>\^3ii. miie 
^iffl^Y^^7n b^2m^mmi-^:^^)i^2izMim 

mt^4 5 jgS: t ^ T EBS^iT V ^1, . 
[0 0 27] ^fc. l^4iei8]iffl^A':r^;i^4«. ll3iB 
^Iffl^^ 3 C*f im^lx^ i: ftfcSS 1 Eill 
ffl^ A- ^^/H i: m 2ffiil8®ffl^A' ^-yl^ 2 (CS^ tlif^ftg 

ifi4 sm^ii-yxwrn^tixui. 

[00 28] ^/c, ISlEiHSffl^A-^wH t|g2ieill 

s. 

[0 0 291 Sn:. ^3ffiaiffl^^*;P3i:^4iJI8 
S. 

[0 0 30] -euT. m3wmmi-^^^f\^3iii:x^m 

4m^mm^A'^-f\^4ff)iiMh--y^Pz bmiwjmm 
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Pi bi^mmi. P2 =2'/^ xPi t^roTl^S. 
[0031] L^c*^'-^T, MaL/v:*^Sfei7)mo^ 

[00 3 2] ttz. W.2im.mm'i-\^^)V2tW.3W^ 

n^^m-h^\iZii\^X, m2EISBfflf-^^^/l^2i: 10 
^ 3 le^lfflf - ^ ^^/l- 3 h niSMi^Xh S IB 2 6 

^mix'iTozbt^x'^h. 

[00 33] ttz. m3^mmf•^^^^)V3bW>A^ 

mmi-^^^)VA k immmmizmf^mmi^'fttx 

m,^^mth^'^l,Zii\,^X . ^3ffiglflfflf-v^vU3i: 

mix'ffozti}(X'^h. 

[0034] Ltzt^-ox , mmuz:mmcr)mm(7)^Fm 
wmmmsmm<r)W.mmi,zi6\^x . mssMmmi-^^^ 
i\^3}iXv^m4Eimmm^^^-ji^4(n)Xdi.z, 20 
mm^^^ii' imv^m 2E^fflf-^ 2 LT 

o t ffiS-r I. ; t *^'t' ^ S c7) t\ C A D Sr ffl V ^fc 

I. 

[0035] mit^tLfzRW,)^^ vm 

[ 0 0 3 6 ] . Blia!L;^c**tfiOj^Sc^¥zitt:«a 

mi^m.mM.mi.ziiK^x . iisis^nfflf-A'^t^/i-sfc 30 

J:t^lS4^ISUiffl^-v^^;l^4<r)J:3C. SgliilSyBfflf- 

A-^^/P 1 fcJ:i;;'|g2id^)lffl^^:^.;i'2C^LTffll^ L 

m:th z. t t'^^mtxt h t mzmm.^ i ^ -c^s- 
[ 0 0 3 7 ] . i?^(mwr>^mmm^m. 40 

[0038] [12~ia5Ji, *||«feOJ^»c^^l^*«S 

[0039] i^mmm>^mm.mt^m.mM. 

[0 04 0] i-r, 02{c^tJ:3t, 
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^■rs. i;^v:> Eilt-x^Pi {±. ffilli®90iEISi|ia 
1 t!?!5«-ri.ifi^9Wiam'^-;^@bi i:5ran;tfc 

[0042] <J:ic. 03ic^-rJ;3(c, lilgoiKS^ 

9<^±{c)iraifeitii m^^^'-m) ^it\^x 2®a«ie 
1 0 ^mi-thwm 1 o<osii*<-sogEJHf -y 
^Pi ttthi.o\iz^imhtmz\m^(rwm'^k 

[004 3] CtO*^. i^e-y^Pi {i. ie^llO 
Offi^1Sa2 i:FS}$tSEfg«l 0<;0S«7)X'^-X<isb 

[0044] ^A^, liac0i^«9i: 2®acO@2iSii 
1 0 t<03£ll.>SKm 1 1 3 fCJ^^-r 

[0045] mz. 124 {c^-r J; 0 (c, 2Jia<oi^® 

1 o<o±(:iis^iii mrsr-m) ^iKLX3m^<r> 
wm 1 1 ^miith^mm 1 1 <7)[aiiA«-^<:oiB^tr 

•/^P2 ttsihXo\,zmm-h. 

[0046] 3lBc7)|g|]|;ii Ki. 2«a<7)ie 

^ L 7t lg 2 tl^ 6 ^ a I. J: 0 (cffM-r 2. . 
[0047] C:c7)iS^. EHfyf-Pz (i. leiSll 1 

(rywm^% twm-hmmx i^^cox'^-;^ii@b 

3 h^m.fz^t.\^x\^h , 

[0048] ^/i. 2iawld^Jll 0t3iiBiOBeil 
«1 1 fcc03<li*lcaS2«^l 4 5-'£>flt3Jot-CJeit 

[0 04 9 1 [15{C5j^t-J; 31@(7)i£^ll 

1 \ <r>}L{zmwmm K'm-^i'-m) 5:/^LT4«a^7) 

iiilSJB 1 2 $-»g^-r2.ffii&)B 1 2<^iaHI*<-^<0ieglh' 

•/f-P2 hts:h^o\,z'!6mh):.m,z3m^<riwm\ 

[0 0 50] 3<^)^^, iBRe-yf-P2 «4, Ei^ll 2 

mmm, a 4 t ks^-t h mm 1 2 ioiai7)X'^-x<i t 
[005 1 ] i/c. 3m^<mm\ itAm^mm. 

« 1 2 1 c7)^5||#.{c|| 3 1 5 Sr^e^lcjE t Tje^ 

[0052] mz. ■smz^^xmm.fzwmc:!^ 
[0053] mm^tzi^m&mm.mm^mimi^ 

iaSm:S^^r'>hffi$:fi&fflLT. SlBiOffiiSWl " 
lfcJ:i;f4iaeoiaJlll 20J:3C. liia^DifiHa 
9 is J: tX2 Ji S<Oie«lll 0 LTli^ LT I ^SfW) 
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[0 0 54] tti. mi^it::mm<omm(7)¥^WMm 

imi iiiXi/4mBcoimmi2(7)Xoi>z. is go 

mmmm^^th^'MRmim^cDmmzm'^x 
m.-thzti}<x'^hztizx*), ^tih(OTmsmm 
t±mmLf§ti:mfsmimzinfimm.i:'ffLxm. lo 

^mmth z b mmm h t mzmmm^ h->x 

[0055] (mm<7)mm > meii. ^^m(om<om 

u-fT'^hmx'hi. 
[0056} meizm-ri: o t:. 

mmn^m.<nwM.m\t, im^mmmio. sag 

(n^mt<^mizmfhtix\'^6mmii i e . m?L i 20 
7i5xmmii8izmimttix\,^itm!imE.m 
ji. mniy'yif^j:b'mmTimi^iih^m'mmm ix 
m^ttirzmm(r>\^y- (pillar) ThhZbi^m 
btX\^l. 

[0057] mmjimmm b ixmm^y-ii$. 
mt^zbizx'o. mrx^ 9 h\t<r)^mix'h 0 «i£ 
ii<r,m $ ti''± ^ V -^m-^X'h o -c t ^cD^&mzimim 
m%m^mmi,zm^Msz t a^t^ h<r>x\ sstttiT l 

[0058] *IIM<7)Je»c0^f*««[niS§gfficogd^ 30 

mi<r)^mwmmm^w:mmmizi5if^i'-cA^)ii5 
xx/^'FAbmmx'h*) . muzTp-tbtoOx-hh. 
[ 0 0 5 9 ] 0 1 tiiiime srffli^T , ^m<^mm<7) 

[0060] :^mmmm<7)^t^mmm^ms(^WM 
mmmmm. cADm^^fz^m^umzx^i^^ 

[006 1] [iuc^-rs3f&i^,'iF7{i, ^2mimm 
i-^A^j\^2bm4immmi-^r^^fi4b(D^mAX'i>h 40 

zff)m3m-A7izti. 06fc^-r2Jiaoffiig« 
1 0 b 4 igoEi^ii 1 2 i: 'kmmm-rmmi 1 6 

[00 6 23 01 tCiirrS4 fS^jSiSll. SglEtSSffl . 

I.. v:oii4(s^^8Wi, ii6ti.T^-riJia<?)Ei^ 
9b3ms<m&miibimss.w^-thmmii7ii( 
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[006 3] z(r>%^. \ immm^M. 21 
g (rmmm 1 0 l^i ^i: a tc 2 1 g<7)ffigsji 1 0 

[0 0 64] ttz. iai{c5^-nS4tS^;±i8ai. 06 
tS^-ri<lgOli!g5Ji9i:4lg<^lEISyil 2i:S:«m 

««g-ri.«mi 8*>'Es$tiT*3D, -e^ogf^fLi s 
[0065] «mi s,(mmmi\t. 2m 

g<7)EI|)ll 0*^m L^oi 3 (c 21gc7)iE|ga 1 0 
*ig|55i-6<){CMIl?^lTfc 0 , 2mscoEim 1 OtCft^ 

[00 66] t/::. tg^TLi SiDieaiiBfti. 3«g<7) 
EUSi i**M«L^vU^(c3ilgoiej|«l lA^gp 
^(i^{3illl$iiTfcO, 3«gcOii:^®l ltcfi#«BiE 

i)^rmx\.^x i>^mii.zBm^^j:^^mmb ^ixx^^i . 
[0067] tti. f^mhTmimb±ms.mb 

mm 1 cr)^!^mims^mmJ^mm^zm^^m(7) 

seat nm-h ^zbizx'o. mm'^^-t.t » . 
[0068] mmuc^mmmmc^^mt^mmm^^ 
soiE^stciiuf, 2mmmmiob4ms<'M 
imi2bmmiii 6izmi^^jkt.tix\.^^mmim§i 
tmzx *)m%mmx'^hXoiz, m^^mn^^ti 
m-^iza^^ximmiimE.m^b txmmii'y-i: 
m^^tzbizx*), TMmmb±mmMbim.m 
mhzbti-x'%h. 

[0 069] Ltzif'>x. -fmmimbimm^mbi 

<7)m^£fmmi^bth z b tK-t hzb^zx'o. 
msumcou-( Ymm:m^-fhzbt^x:th. 

[ 0 0 7 0 J tLh. *ieBB«»lJ: '>Xts:'?^t\.tzmA^ 

Bmrnmrnmizm-:^ ^ Mt^mzmn ^^ma 
midMmmmizm^^n^ i,<7)T-t±^:< . ^(^m^^ 
'mi^j:\>^mix'm^^w:^m:h^zui\.^oiX'i> 

[007 1 ] mtii. ^m^^m^-t?>^m»m. 

C0§i>0(wSO I (Silicon on Insulator) SS^fc'^O 

m^<r>miiii:fm-tizbf}'X'^. ro-b y-tLsi^: 
bcDmi^m.mnmm.tixif^<mmmb-t^zb 

i?X'^h, 

[0072] . . . 

\Xf<r>biinX'hh. 

[00731 ( 1) . ^w^<n^mw$mB^w<r)m 
iiicfcv^T. ^3wmm^\^-)Vhi.x/'m4miM 
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[0075] ( 2 ) . *l|aflc7)i}£i§ft:^«ii]{8^a(7)ie 

ti i^mMmmt:pmcom^i.zU'>xmm:ti z t *^'t- 

i^mzmimm.^ifixmmmtizbi}Wit 
ii^x'^ hztizx^. Ti'&m^wwmms.b 

■thZbt^X'th. 

[0076] ( 3 ) . *^BBt7)i}£® jij:^«|i|85^K<7)ie 
MUitiiltf, 2^B(J5ieiSlJlt4ilB<OSI!Uit*<jg 
«g?L(c^ia6iil:i^Tv^l.^g8g^lffli^^g;i{^i om^Jg^ 

Tmmm t ±«iE«i« t 1. z t a^-c^ 

I.. 

[0077] Ltzif-^x. Tmwm t -Uiii^a t ^ 
w^mm-hm^\,zti\.\x. ^tih^%%mm-thtzih 
(^^^■^tcwmi^b tizb *>'T'# .r t Hi 0 , 

[0ffl«o|S#«riJiBB) 

[Hi ] ^mM<7)-^mmmx'^h^mwmt^i^m 

m<nMm.mi:^^-tmmx'h h , 
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(57) [Abstract] 

[Problem] To provide a semiconductor integrated circuit apparatus and its fabrication 
technology that is high performance and easy to fabricate. 

[Means of Solution] [A semiconductor integrated circuit apparatus] has wiring layers of a first 
layer 9 orthogonal to wiring layers of a second layer 10 and wiring layers of a third layer 1 1 
orthogonal to wiring layers of a fourth layer 12. The line pitch of wiring layers of the first layer 
9 is equal to the line pitch of wiring layers of the second layer 10; the line pitch of wiring layers 
of the third layer 1 1 is equal to the line pitch of wiring layers of the fourth layer 12; and the line 
pitch of wiring layers of the third layer 1 1 and wiring layers of the fourth layer 12 is 2*^^ times 
the line pitch of wiring layers of the first layer 9 and wiring layers of the second layer 10. 
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[Claims] 

[Claim 1] A semiconductor integrated circuit apparatus characterized by, in the wiring layers of 
a semiconductor integrated circuit apparatus, the wiring layers of a first layer being orthogonal to 
the wiring layers of a second layer, the wiring layers of a third layer being orthogonal to the 
wiring layers of a fourth layer, and the aforementioned wiring layers of the third layer being 
disposed with an angle of inclination of about 45"* relative to the aforementioned wiring layers of 
the second layer. 

[Claim 2] In the semiconductor integrated circuit apparatus of Claim 1, a semiconductor 
integrated circuit apparatus characterized by the line pitch of the wiring layers of the first layer 
being equal to the line pitch of the wiring layers of the second layer; the line pitch of the wiring 
layers of the third layer being equal to the line pitch of the wiring layers of the fourth layer; and 
the line pitch of the aforementioned wiring layers of the third layer and aforementioned wiring 
layers of the fourth layer being 2^^^ times the line pitch of the aforementioned wiring layers of the 
first layer and aforementioned wiring layers of the second layer. 

[Claim 3] In the semiconductor integrated circuit apparatus of Claim 1 or Claim 2, a 
semiconductor integrated circuit apparatus characterized by the central lines of the plurality of 
wiring layers of the third layer and the plurality of wiring layers of the fourth layer passing 
through the central points of the intersections adjacent to the intersections of the central lines of 
the plurality of wiring layers of the first layer and the central lines of the plurality of wiring 
layers of the second layer. 

[Claim 4] In the semiconductor integrated circuit apparatus of any one of Claims 1 through 3, a 
semiconductor integrated circuit apparatus characterized by the wiring layers for through-holes 
provided between the aforementioned wiring layers of the second layer, the aforementioned 
wiring layers of the third layer and the aforementioned wiring layers of the fourth layer and the 
wiring layers beneath them being [in the form of] pillars*. 

[Claim 5] A fabrication method for a semiconductor integrated circuit apparatus that has a 
process of forming the wiring layers of a first layer on a substrate on which a plurality of 
semiconductor elements are formed, 

a process of disposing and forming the wiring layers of a second layer so that they are orthogonal 
to the aforementioned wiring layers of the first layer which is separated by an interlayer 
insulating film on the aforementioned wiring layers of the first layer, 

a process of disposing and forming the wiring layers of a third layer so that they are at an angle 
of inclination of 45° relative to the aforementioned wiring layers of the second layer which is 
separated by an interlayer insulating film on the aforementioned wiring layers of the second 
layer, and 

a process of disposing and forming the wiring layers of a fourth layer so that they are orthogonal 
* Translator's note: the Japanese original actually reads "pillar-shaped pillars." 
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to the aforementioned wiring layers of the third layer which is separated by an interlayer 
insulating film on the aforementioned wiring layers of the third layer. 

[Claim 6] In the fabrication method of the semiconductor integrated circuit apparatus of Claim 
5, a method of fabricating a semiconductor integrated circuit apparatus characterized by the line 
pitch of the wiring layers of the first layer being equal to the line pitch of the wiring layers of the 
second layer; the line pitch of the wiring layers of the third layer being equal to the line pitch of 
the wiring layers of the fourth layer; and the line pitch of the aforementioned wiring layers of the 
third layer and aforementioned wiring layers of the fourth layer being 2^^ times the line pitch of 
the aforementioned wiring layers of the first layer and aforementioned wiring layers of the 
second layer. 

[Claim 7] In the fabrication method of the semiconductor integrated circuit apparatus of Claim 5 
or Claim 6, a method of fabricating a semiconductor integrated circuit apparatus characterized by 
the central lines of the plurality of wiring layers of the third layer and the plurality of wiring 
layers of the fourth layer passing through the central points of the intersections adjacent to the 
intersections of the central lines of the plurality of wiring layers of the first layer and the central 
lines of the plurality of wiring layers of the second layer. 

[Claim 8] In the fabrication method of the semiconductor integrated circuit apparatus of any one 
of Claims 5 through 7, a method of fabricating a semiconductor integrated circuit apparatus 
characterized by the aforementioned wiring layers of the third layer or the aforementioned wiring 
layers of the fourth layer being laid out partially relative to the aforementioned wiring layers of 
the first layer or aforementioned wiring layers of the second layer. 

[Claim 9] In the fabrication method of the semiconductor integrated circuit apparatus of any one 
of Claims 5 through 8, a method of fabricating a semiconductor integrated circuit apparatus 
characterized by an automatic wiring method being used in the layout of wiring layers from the 
aforementioned first layer to the aforementioned fourth layer. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention pertains to a semiconductor integrated 
circuit apparatus and its fabrication technology. 

[0002] 

[Prior Art] Greater levels of integration and finer levels of processing are being developed for 
semiconductor integrated circuit apparatus, requiring wiring structures that are finer arid. have , - ^ \. \ . 
higher density. 
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[0003] In this connection, the present inventors have investigated fabrication technology for 
semiconductor integrated circuit apparatus. Below, the technology investigated by the inventors 
is described in brief. 

[0004] Specifically, multi-layer wiring structures are used for the wiring layers of a 
semiconductor integrated circuit apparatus. Through-holes are placed in selective areas of 
interlayer insulating films to electrically connect lower wiring layers to upper wiring layers. 

[0005] In such cases, lower and upper wiring layers are placed orthogonally to each other by, for 
example, wiring macro cells to other macro cells, through automatic wiring methods that use 
Computer-Aided Design (CAD). 

[0006] An example in the literature of a description of technology for forming wiring layers in 
semiconductor integrated circuit apparatus is given in "Leading Semiconductor Process 
Technologies '90," pp. 267-273, published by Press Journal K.K., on November 2, 1989. 

[0007] 

[Problem that the Invention Is to Solve] As it happens, in a multi-layer wiring structure in which 
the lower wiring layer and upper wiring layer are orthogonal as described above, problems occur 
in that it becomes complex to electrically connect these upper and lower wiring layers through 
through-holes in the interlayer insulating films when multiple wiring layers, for example, four 
layers, are stacked; moreover, fabricating the multi-layer wiring layer with high performance 
also becomes difficult. 

[0008] The object of the present invention is to provide a high-performance semiconductor 
integrated circuit apparatus that has multi-layer wiring layers and that can be easily fabricated, as 
well as its fabrication technology. 

[0009] This specification and the attached drawings make clear the aforementioned and other 
objects of the present invention as well as the new features of the present invention, 

[0010] 

[Means of Solving the Problem] The following is a simple explanation in brief of representative 
examples of the invention disclosed in the present application. 

[001 1] Specifically, the semiconductor integrated circuit apparatus of the present invention has 
wiring layers of the first layer and wiring layers of the second layer that are orthogonal to each 
other as well as wiring layers of the third layer and wiring layers of the fourth layer that are 
orthogonal to each other. The line pitch of the wiring layers of the first layer is equal to the line 
pitch of the wiring layers of the second layer; the line pitch of the wiring layers of the third layer 
is equal to the line pitch of the wiring layers of the fourth layer; and the line pitch of the wiring 
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layers of the third layer and wiring layers of the fourth layer is 2 times the line pitch of the 
wiring layers of the first layer and wiring layers of the second layer. 

[0012] 

[Working Configuration of the Invention] Working Configurations of the present invention are 
described below with reference to figures. The same number or letter refers to elements in 
different figures that have the same function, and redundant explanations are omitted. 

[0013] (Working Configuration 1) Figure 1 is a model diagram showing the wiring layers of a 
semiconductor integrated circuit apparatus which constitute a working configuration of the 
present invention. 

[0014] Figure 1 shows the wiring layer channels and lattice points occurring when laying out the 
wiring layers of the semiconductor integrated circuit apparatus of the present working 
configuration using Design Automation (DA). In such cases, the channels show the areas in 
which it is possible to place a wiring layer and use a wiring layer line width of 0. The lattice 
points indicate intersections of channels. 

[0015] As Figure 1 shows, in the wiring layers of the semiconductor integrated circuit apparatus 
of the present working configuration, channels 1 for the first wiring layers, which correspond to 
the wiring layers of the first layer placed on a semiconductor substrate (not shown in the figure) 
on which a plurality of semiconductor elements are formed, are laid out horizontally so that the 
distance to the adjacent wiring layer is a constant line pitch Pi. 

[0016] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, channels 2 for the second wiring layers, which correspond to the wiring 
layers of the second layer placed over the wiring layers of the first layer which is separated by an 
interlayer insulating film (not shown in the figure), are laid out vertically so that they are 
orthogonal to channels 1 for the first wiring layers and so that the distance to the adjacent wiring 
layer is a constant line pitch Pi. 

[0017] In this case, the lattice points, which are points of intersection between channels 1 for the 
first wiring layers and channels 2 for the second wiring layers, are shown as first lattice points 5. 

[0018] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, second lattice points 6 and third lattice points 7 are placed at the 
midpoints between adjacent first lattice points 5, on channels 2 for the second wiring layers. 

[0019] In this case, second lattice points 6 and third lattice points 7 are placed in alternation so 
that they form zig zags. 

[0020] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, channels 3 for the third wiring layers, which correspond to the wiring 
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layers of the third layer placed over the wiring layers of the second layer which is separated by 
an interlayer insulating film (not shown in the figure), are laid out so that the distance to the 
adjacent wiring layer is a constant line pitch P2. Also, channels 3 for the third wiring layer are 
placed at angles of inclination of 45° relative to channels 2 for the second wiring layers, and also 
placed so that they pass through second lattice points 6. 

[0021] In this case, the relationship between line pitch P2 of channels 3 for the third wiring 
layers and line pitch Pi of channels 1 for the first wiring layers and channels 2 for the second 
wiring layers is P2 = 2^^ x Pi. 

[0022] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, fourth lattice points 8 are placed at the midpoints between adjacent first 
lattice points 5 in channels 1 for the first wiring layers. 

[0023] Also, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration, channels 4 for the fourth wiring layers, which correspond to the wiring 
layers of the fourth layer placed over the wiring layers of the third layer which is separated by an 
interlayer insulating film (not shown in the figure), are laid out so that the distance to the 
adjacent wiring layer is a constant line pitch P2. Also, channels 4 for the fourth wiring layers are 
placed at angles of inclination of 45"^ relative to channels 3 for the third wiring layers, and also 
placed so that they pass through fourth lattice points 8. 

[0024] In this case, the relationship between line pitch P2 of channels 4 for the fourth wiring 
layers and line pitch Pi of channels 1 for the first wiring layers and channels 2 for the second 
wiring layers is P2 = 2*^ x Pi. 

[0025] In the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration described above, channels 2 for the second wiring layers are orthogonal to 
channels 1 for the first wiring layers. 

[0026] Also, channels 3 for the third wiring layers are placed at 45"^ angles of inclination relative 
to channels 1 for the first wiring layers and channels 2 for the second wiring layers. 

[0027] Also, channels 4 for the fourth wiring layers are orthogonal to channels 3 for the third 
wiring layers and are also placed at 45° angles of inclination to channels 1 for the first wiring 
layers and channels 2 for the second wiring layers. 

[0028] Also, channels 1 for the first wiring layers and channels 2 for the second wiring layers 
have the same line pitch Pi. 

[0029] Also, channels 3 for the third wiring layers and channels 4 for the fourth wiring layersV « • 
have the same line pitch P2. 
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[0030] The relationship between the line pitch P2 of channels 3 for the third wiring layers and 
channels 4 for the fourth wiring layers and line pitch P| of channels 1 for the first wiring layers 
and channels 2 for the second wiring layers is P2 = 2"^ x ?[. 

[0031] Thus, in the wiring layers of the seniiconductor integrated circuit apparatus of the present 
working configuration described above, channels 1 for the first wiring layers can be electrically 
connected to channels 2 for the second wiring layers by means of through-holes in the interiayer 
insulating film by passing the through-holes through first lattice points 5, which are the 
intersections of channels 1 for the first wiring layers and channels 2 for the second wiring layers. 

[0032] Also, channels 2 for the second wiring layers can be electrically connected to channels 3 
for the third wiring layers by means of through-holes in the interiayer insulating film by passing 
the through-holes through second lattice points 6, which are the intersections of channels 2 for 
the second wiring layers and channels 3 for the third wiring layers. 

[0033] Also, channels 3 for the third wiring layers can be electrically connected to channels 4 
for the fourth wiring layers by means of through-holes in the interiayer insulating film by passing 
the through-holes through fourth lattice points 8, which are the intersections of channels 3 for the 
third wiring layers and channels 4 for the fourth wiring layers. 

[0034] Thus, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration described above, a multi-layer wiring layer that has wiring layers at an 
inclination to channels 1 for the first wiring layers and channels 2 for the second wiring layers, 
such as channels 3 for the third wiring layers and channels 4 for the fourth wiring layers, can be 
laid out according to predetermined rules, so that a layout method that uses automatic wiring 
techniques using CAD can be employed. 

[0035] This enables easy wiring layout that is highly efficient and highly reliable through the 
use of automated wiring layout methods. 

[0036] Also, in the wiring layers of the seniiconductor integrated circuit apparatus of the present 
working configuration previously described, since a multi-layer wiring layer that has wiring 
layers at an inclination to channels 1 for the first wiring layers and channels 2 for the second 
wiring layers, such as channels 3 for the third wiring layers and channels 4 for the fourth wiring 
layers, can be laid out according to predetermined rules, a high-performance semiconductor 
integrated circuit apparatus can be achieved by being able to simplify the electrical connection, 
for example, in wiring between macro cells and macro cells, between their lower wiring layers 
and their upper wiring layers using through-holes in interiayer insulating films, and also by being 
able to lay out each of the wiring layers using the shortest distances. 

[0037] Next, the fabrication method for the wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration is described. 
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[0038] Figures 2 through 5 are schematic layout drawings that show wiring layers of the 
semiconductor integrated circuit apparatus of the present working configuration. 

[0039] The fabrication technology for the wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration uses a layout method that employs automated 
wiring techniques using CAD. 

[0040] First, as shown in Figure 2, wiring layers of the first layer 9 are formed on a 
semiconductor substrate (not shown in the figure) on which a plurality of semiconductor 
elements are formed. 

[0041] In this case, wiring layers 9 are formed horizontally so that they maintain a constant line 
pitch Pi to the adjacent wiring layer 9. Line pitch Pi is the distance obtained by adding the line 
width ai of a given wiring layer 9 to the space width bi between it and its adjacent wiring layer 9. 

[0042] Next, as shown in Figure 3, wiring layers of the second layer 10 are formed over wiring 
layers of the first layer 9 which is separated by an interiayer insulating film (not shown in the 
figure) such that they maintain a constant line pitch Pi as the distance between each layer and its 
adjacent wiring layer 10, while also being formed vertically so that they are orthogonal to wiring 
layers of the first layer 9. 

[0043] In this case, line pitch Pi is the distance obtained by adding line width a2 of wiring layer 

10 to the space width ba between it and its adjacent wiring layer 10. 

[0044] Also, first through-holes 13 are formed at the intersections between wiring layers of the 
first layer 9 and wiring layers of the second layer 10 as necessary. 

[0045] Next, as shown in Figure 4, wiring layers of the third layer 1 1 are formed over wiring 
layers of the second layer 10 which is separated by an interiayer insulating film (not shown in the 
figure) such that they maintain a constant line pitch P2 to their adjacent wiring layers 11. 

[0046] Also, wiring layers of the third layer 1 1 are formed at angles of inclination of 45° relative 
to wiring layers of the second layer 10, so that they pass through the previously described second 
lattice points 6. 

[0047] In this case, line pitch P2 is obtained by adding the line width aa of a given wiring layer 

1 1 to the space width ba between it and its adjacent wiring layer 1 1. 

[0048] Also, second through-holes 14 are formed at the intersections between wiring layers of 
the second layer 10 and wiring layers of the third layer 11 as necessary. 

[0049] Next, as shown in Figure 5, wiring layers of the fourth layer 12 are formed on wiring - - ' -'-^ - 
layers of the third layer 1 1 which is separated by an interiayer insulating film (not shown in the 
figure) such that they maintain a constant line pitch P2 to their adjacent wiring layers 12 while 
also being orthogonal to wiring layers of the third layer 11. 
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[0050] In this case, line pitch P2 is obtained by adding the line width a4 of a given wiring layer 
12 to the space width b4 between it and its adjacent wiring layer 12. 

[0051] Also, third through-holes 15 are formed at the intersections between wiring layers of the 
third layer 1 1 and wiring layers of the fourth layer 12 as necessary. 

[0052] Next, fabrication of the semiconductor integrated circuit apparatus is completed by 
forming a passivation film (not shown in the figure) after the multi-layer wiring layer is formed 
through repeatedly performing the wiring layer fabrication processes previously described as 
necessary. 

[0053] In the fabrication technology for wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration described above, a multi-layer wiring layer that 
has wiring layers at an incHnation to wiring layers of the first layer 9 and wiring layers of the 
second layer 10, such as wiring layers of the third layer 1 1 and wiring layers of the fourth layer 
12 , can be laid out according to predetermined rules using layout methods that employ automatic 
wiring techniques using CAD. As a result, wiring layout that is highly efficient and highly 
reliable can be accomplished easily using automated wiring layout methods. 

[0054] Also, with the fabrication technology for wiring layers of the semiconductor integrated 
circuit apparatus of the present working configuration previously described, a multi-layer wiring 
layer that has wiring layers at an inclination to wiring layers of the first layer 9 and wiring layers 
of the second layer 10, such as wiring layers of the third layer 1 1 and wiring layers of the fourth 
layer 12 can be laid out according to predetermined rules using layout methods that employ 
automatic wiring techniques that use CAD. As a result, a high-performance semiconductor 
integrated circuit apparatus can be fabricated by being able to simplify electrical connection 
between the lower wiring layers and the upper wiring layers using through-holes in interlayer 
insulating films and also by being able to lay out each of the wiring layers using the shortest 
distances. 

[0055] (Working Configuration 2) Figure 6 is a schematic layout drawing that shows wiring 
layers of a semiconductor integrated circuit apparatus which constitute another working 
configuration of the present invention. 

[0056] As shown in Figure 6, the wiring layers of the semiconductor integrated circuit apparatus 
of the present working configuration are characterized by the fact that the wiring layers for 
through-holes, which are embedded in through-holes 16, through-holes 17 and through-holes 18 
that are placed between wiring layers of the second layer 10, wiring layers of the third layer 11, 
wiring layers of the fourth layer 12, and the wiring layers beneath them, are [in the fomi of| 
pillars formed using through-hole filling technology (e.g., plugs): ' ,> . v 

[0057] By using pillars as the wiring layers for the through-holes, the wiring layers for the 
through-holes can be reliably embedded in the through-holes even when the through-holes have 
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high aspect ratios and through-hole depths are great.. This makes possible high-performance, 
highly reliable wiring layers. 

[0058] Channels and lattice points in the wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration are similar to the channels and lattice points in 
the wiring layers of the previously described semiconductor integrated circuit apparatus of 
Working Configuration 1, and are shown in Figure 1. 

[0059] [Next,] the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration are described in detail with reference to Figures 1 and 6. 

[0060] The fabrication technology for the wiring layers of the semiconductor integrated circuit 
apparatus of the present working configuration uses layout methods that employ automatic 
wiring methods using CAD. 

[0061] Third lattice points 7 shown in Figure 1 are the intersections of channels 2 for the second 
wiring layers and channels 4 for the fourth wiring layers as well [sic\. Through-holes 16 that 
electrically connect wiring layers of the second layer 10 and wiring layers of the fourth layer 12 
shown in Figure 6 are placed at these third lattice points 7. The wiring layer for the through- 
holes is embedded in these through-holes 16. 

[0062] Fourth lattice points 8 shown in Figure 1 are the intersections of channels 1 for the first 
wiring layers and channels 3 for the third wiring layers as well. Through-holes 17 that 

electrically connect wiring layers of the first layer 9 and wiring layers of the third layer 1 1 shown 
in Figure 6 are placed at these fourth lattice points 8. The wiring layer for the through-holes is 
embedded in these through-holes 17. 

[0063] In this case, the locations where through-holes 17 are placed are partially isolated from 
wiring layers of the second layer 10 so that they are not adjacent to wiring layers of the second 
layer 10. Therefore, even when signal current flows to wiring layers of the second layer 10, they 
are in an area that is not electrically affected. 

[0064] Also, through-holes 18 that electrically connect wiring layers of the first layer 9 and 
wiring layers of the fourth layer 12 as shown in Figure 6 are placed at fourth lattice points 8 
shown in Figure 1. The wiring layer for the through-holes is embedded in these through-holes 
18. 

[0065] In this case, the locations where through-holes 18 are placed are partially isolated from 
wiring layers of the second layer 10 so that they are not adjacent to wiring layers of the second 
layer 10. Therefore, even when signal current flows to wiring layers of the second layer 10, tfiey 
are in an area that is not electrically affected. 

[0066] Also, the locations where through-holes 18 are placed are partially isolated from wiring 
layers of the third layer 1 1 so that they are not adjacent to wiring layers of the third layer 11. 
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Therefore, even when signal current flows to wiring layers of the third layer 1 1, they are in an 
area that is not electrically affected. 

[0067] Since the placement of through-holes for electrically connecting adjacent lower wiring 
layers and upper wiring layers is similar to the placement of through-holes in the wiring layers of 
the semiconductor integrated circuit apparatus of Working Configuration 1 previously described, 
that description is omitted here. 

[0068] Using the wiring layers of the semiconductor integrated circuit apparatus of the present 
working configuration previously described, lower wiring layers and upper wiring layers can be 
electrically connected by using pillars as the through-hole wiring layers even when there are 
deep through-holes as when wiring layers of the second layer 10 and wiring layers of the fourth 
layer 12 are electrically connected by a through-hole wiring layer embedded in through-holes 16. 

[0069] Thus, when lower wiring layers and upper wiring layers are electrically connected, the 
need for a wiring layer specifically for the electrical connection of these layers can be eliminated, 
which enables a reduction in the layout surface area for multi-layer wiring layers. 

[0070] The invention invented by the present inventors has been described above in detail based 
on the working configurations of the invention, but the present invention is not limited to the 
aforementioned working configurations. Many other changes are naturally possible as long as 
they do not depart from the substance of the invention. 

[0071] For example, a variety of substrates can be used, such as SOI (silicon on insulator) 
substrates, in place of a semiconductor substrate on which the semiconductor elements are 
formed, and it can be used as the semiconductor integrated circuit apparatus and fabrication 
technology for processor LSIs or the like. 

[0072] 

[Effect of the Invention] The following is a brief description of effects obtained by a 
representative example of the invention disclosed in this application. 

[0073] (1) Since a multi-layer wiring layer that has wiring layers at approximately 45"" angles of 
inclination relative to channels for first wiring layers and channels for second wiring layers can 
be placed according to predetermined rules, such as channels for third wiring layers and channels 
for fourth wiring layers, in the wiring layers of the semiconductor integrated circuit apparatus of 
the present invention, layout methods that use automated wiring techniques that employ CAD 
can be used. 

[0074] As a result, highly efficient and highly reliable wiring layout can be performed by using 
automated layout methods. 
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[0075] (2) Since a multi-layer wiring layer that has wiring layers that are inclined relative to 
channels for first wiring layers and channels for second wiring layers can be placed according to 
predetermined rules, such as channels for third wiring layers and channels for fourth wiring 
layers, in the wiring layers of the semiconductor integrated circuit apparatus of the present 
invention, a high-performance semiconductor integrated circuit apparatus can be achieved by 
being able to simplify electrical connection, for example, in wiring between macro cells and 
macro cells, between their lower wiring layers and their upper wiring layers using through-holes 
in interiayer insulating films and also by being able to lay out each of the wiring layers using the 
shortest distances. 

[0076] (3) Using the wiring layers of the semiconductor integrated circuit apparatus of the 
present invention, lower wiring layers and upper wiring layers can be electrically connected by 
using pillars as the through-hole wiring layers even when there are deep through-holes as when 
wiring layers of the second layer and wiring layers of the fourth layer are electrically connected 
by a through-hole wiring layer embedded in through-holes. 

[0077] Thus, when lower wiring layers and upper wiring layers are electrically connected, the 
need for a wiring layer specifically for the electrical connection of these layers can be eliminated, 
which enables a reduction in the layout surface area for multi-layer wiring layers. 

[Brief Description of the Figures] 

[Figure 1] Figure 1 is a model diagram that shows wiring layers of a semiconductor integrated 
circuit apparatus constituting one working configuration of the present invention. 

[Figure 2] Figure 2 is a schematic layout drawing that shows wiring layers of the semiconductor 
integrated circuit apparatus constituting one working configuration of the present invention. 

[Figure 3] Figure 3 is a schematic layout drawing that shows wiring layers of a semiconductor 
integrated circuit apparatus constituting one working configuration of the present invention. 

[Figure 4] Figure 4 is a schematic layout drawing that shows wiring layers of a semiconductor 
integrated circuit apparatus constituting one working configuration of the present invention. 

[Figure 5] Figure 5 is a schematic layout drawing that shows wiring layers of a semiconductor 
integrated circuit apparatus constituting one working configuration of the present invention. 

[Figure 6] Figure 6 is a schematic layout drawing that shows wiring layers of a semiconductor 
integrated circuit apparatus constituting another working configuration of the present invention. 

[Explanation of Symbols] 

1 Channels for first wiring layer 

2 Channels for second wiring layer 

3 Channels for third wiring layer 
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4 Channels for fourth wiring layer 

5 First lattice point 

6 Second lattice point 

7 Third lattice point 

8 Fourth lattice point 

9 Wiring layer 

10 Wiring layer 

1 1 Wiring layer 

12 Wiring layer 

13 First through-hole 

14 S econd through-hole 

1 5 Third through-hole 

16 through-hole 

17 Through-hole 

18 Through-hole 
ai Line width 

a2 Line width 

aa Line width 

a4 Line width 

bi Space width 

b2 Space width 

b3 Space width 

b4 Space width 

Pi Line pitch 

P2 Line pitch 
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[Figure 5] 

9: wiring layers, 10: wiring layers 
11: wiring layers, 12: wiring layers 
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